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The properties of neutron star are studied in the framework of relativistic Hartree-Fock
(RHF) model with realistic nucleon-nucleon (NN) interactions, i.e. Bonn potentials. The
strong repulsion of NN interaction at short range is properly removed by the unitary
correlation operator method (UCOM). Meanwhile, the tensor correlation is neglected
due to the very rich neutron environment in neutron star, where the total isospin of two
nucleons can be approximately regarded as T = 1. The equations of state of neutron star
matter are calculated in β equilibrium and charge neutrality conditions. The properties
of neutron star, such as mass, radius, and tidal deformability are obtained by solving
the TolmanOppenheimerVolkoff equation and tidal equation. The maximum masses of
neutron from Bonn A, B, C potentials are around 2.2M⊙. The radius are 12.40− 12.91
km at 1.4M⊙, respectively. The corresponding tidal deformabilities are Λ1.4 = 293 −
355. All of these properties are satisfied the recent observables from the astronomical
and gravitational wave devices and are consistent with the results from the relativistic
Brueckner-Hartree-Fock model.
Keywords: UCOM; neutron star; tidal deformabilities
PACS numbers: 21.65.+f, 21.65.Cd, 24.10.Cn, 21.60.-n
1. Introduction
The gravitational wave signal from two neutron star merger was firstly detected
by LIGO and Virgo collaborations in 2017, as GW170817 event, which started the
new era of multi-messenger astronomy and impacted many other aspects, such as,
astrophysics, nuclear physics, and so on.1–8 The GW170817 event emerged more
useful information of neutron star, like its tidal deformability, besides its mass and
radius.9–13 These data provide a good opportunity to understand the structure of
1
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neutron star more entirely and constrain the equation of state (EOS) of neutron
star matter strongly.14–17
The EOS of neutron star matter is usually obtained in the framework of nuclear
many-body methods with nucleon-nucleon (NN) potentials in the conditions of β
equilibrium and charge neutrality.18, 19 The present available EOSs can be summa-
rized as two types in general. The first type is generated by the density functional
theories based on the effective NN interactions, such as, Skyrme Hartree-Fock
model,20–22 Gogny Hartree-Fock model,23 relativistic mean-field (RMF) model,24–27
relativistic Hartree-Fock (RHF) model,28–31 and so on. These effective potentials
are generated by fitting the qualities of nuclear many-body systems around the
saturation density, ρ0, i. e., the ground-state properties of several doubly magic
nuclei and the empirical saturation properties of infinite nuclear matter. These
density functional theories already can be extended to study the most nuclei in nu-
clear landscape and their excitation properties.32, 33 Therefore, a natural question
is whether the EOSs from density functional theories can be applied to investigate
the neutron star, whose central density is estimated as larger than 5ρ0. It is found
that some of them can generate the massive neutron star, while others give the
confused behaviors at high density region.34, 35
To reduce the uncertainties of density functional theories, the second type EOSs
are obtained by ab initio nuclear many-body method with realistic NN poten-
tials,36–42 such as variational method, quantum Monte Carlo method, coupled clus-
ter method, many-body perturbation theory, Brueckner-Hartree-Fock model, and
so on.43–54 These methods properly take into account the short range correlation
and tensor force in realistic NN potentials, who can arise the similar behaviors of
EOSs for the compact matter. However, these many-body methods in nonrelativis-
tic framework cannot reproduce the empirical saturation properties completely. The
three-body force or the relativistic effect should be introduced to improve the de-
scription on EOSs, such as relativistic Brueckner-Hartree-Fock (RBHF) model.55–59
With recent precise measurements on three compact stars, i.e. PSR J1614-2230,
PSR J0348+0432, and PSRJ0740+6620, the maximum mass of neutron star should
be larger than 2M⊙.
60–63 In GW170817 event, the radius of neutron stars with
1.4M⊙ are constrained as less than 13.8 km and the corresponding tidal deforma-
bility is less than 800.13–15, 64 Actually, it is found that the radii and tidal deforma-
bility has a strong correlations in various theoretical models.12 These latest data
brought many more strict constraints of present EOSs. In recent work, Tong et al.
employed the correlations between the tidal deformability and neutron star radius,
neutron drop radii and symmetry energy at 2ρ0 to extract their detailed values.
65
It is expected that more and more observables of neutron stars will be obtained
with the rapid development of technologies.
As we known, the tensor force in neutron star matter should be very weak
due to its isospin singlet character. Therefore, it is enough to only treat the short
range correlation of realistic NN potentials in neutron-rich matter.66, 67 The Jas-
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trow function was included in the RHF model to deal with short range correlations
of Bonn A, B, C potentials by us, as the relativistic central variational method for
neutron star.68, 69 The maximum masses and corresponding radius generated by
such method can reproduce the results from RBHF model very well. Furthermore,
another very powerful short range correlation scheme, named as unitary correla-
tion operator method (UCOM) was also applied in RHF framework to consider the
short range correlation of central force, which also can generate the similar EOS of
the neutron-rich matter with that from RBHF model.70
In present work, the properties of neutron star, such as maximum mass, radii,
and tidal deformability will be investigated in the framework of RHF model with
Bonn potentials. To remove their strong repulsion at short range distance, the
UCOM will be taken into account. This paper is arranged as follows. In section II,
the fundamental formulas of RHF model with UCOM will be given. The numerical
results and discussion will be shown in section III. In section IV, the conclusion will
be summarized in section IV.
2. The relativistic Hartree-Fock model with unitary correlation
operator method
Twenty years ago, a very attractive method was developed by Feldmeier et al.
in terms of the unitary correlation operator method (UCOM) to treat the strong
repulsion at short range distance and the tensor correlation at intermediate range of
nucleon-nucleon (NN) interaction.71, 72 The UCOM was demonstrated extremely
efficient to provide the reasonable binding energies and wave functions of light nuclei
with the modified Afnan-Tang force .71 The essence of UCOM is to introduce a
unitary transformation,
ψ = Uφ. (1)
Here, ψ indicates the exact wave function of many-body system, while φ presents
the uncorrelated trivial wave function. Hence, if the details of correlation function,
U are well known, we can obtain the exact wave function in terms of the trivial
wave one. The unitary correlation operator U is written as
U = exp{−iC}, C = C†, (2)
where C is an hermitian generator of the correlations. Hence, we can get a set of
new equation of motion for nucleon as
Hψ = Eψ, (3)
U †HUψ = Eψ.
Furthermore, C includes a two-body operator or many-body operator because a
one-body operator would only cause the unitary transformations of single particle
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states,
C =
A∑
i<j
c(i, j) + three-body + ... (4)
However, we make an approximation of UCOM up to two-body correlation terms.71
This approximation is justified for the short-range correlation, because the proba-
bility that three-body nucleons enter their interaction ranges is small at the normal
nuclear matter density. Now, we can use the two-body correlation operator u(i, j)
instead of generalized correlation operator U . For a Hamiltonian in nuclear matter,
which consists of a one-body kinetic energy and a two-body potential,
H =
A∑
i
Ti +
A∑
i<j
V (i, j), (5)
after the modification of UCOM, it will be changed as
H˜ = u†(i, j)Hu(i, j) (6)
=
A∑
i
Ti +
A∑
i<j
V˜ (i, j),
where an effective two-body interaction V˜ (i, j) is generated from the short range
correlation on two-body kinetic energy and bare NN interaction,
V˜ (i, j) = u†(i, j)V u(i, j) + u†(i, j)(Ti + Tj)u(i, j)− (Ti + Tj). (7)
This effective interaction including the short range correlation plays a same role as
the G-matrix in Brueckner method.53, 54
In actual calculation, it is not convenient to directly adopt the operator form.
This correlator, u(i, j), can be expressed in terms of a coordinate transformation
R+(r) for the radial distance,
R+(r) = r + α
(
r
β
)η
exp(− exp(r/β)). (8)
The parameter α determines the overall amount of the shift and β the length scale.
η controls the steepness around r = 0. The double-exponential can ensure the
correlator just has effect in the short-range distance. The most common operators
in Hamiltonian are transferred with following in the framework of UCOM,
u†(i, j)ru(i, j) = R+(r) (9)
u†(i, j)V (r)u(i, j) = V (R+(r))
u†(i, j)pru(i, j) =
1√
R′+(r)
1
r
pr
1√
R′+(r)
,
where pr is the radial momentum, 〈~r|pr|φ〉 = −i
∂
∂r 〈~r|φ〉. The other operators related
with angular momentum, as ~l and ~s are unchanged.
October 28, 2019 0:30 WSPC/INSTRUCTION FILE RHFUNS
The properties of neutron star from realistic nucleon-nucleon interaction within relativistic Hartree-Fock model 5
The Lagrangian of Bonn potential, which will be used in this work can be written
as,37
Lint = ψ¯
[
− gσσ − gδτaδ
a −
fη
mη
γ5γµ∂
µη −
fpi
mpi
γ5γµτa∂
µπa (10)
− gωγµω
µ +
fω
2M
σµν∂
νωµ − gργµτaρ
aµ +
fρ
2M
σµν∂
ντaρ
aµ
]
ψ
+
1
2
∂µσ∂
µσ −
1
2
m2σσ
2 +
1
2
∂µδ
a∂µδa −
1
2
m2δδ
a2
+
1
2
∂µη∂
µη −
1
2
m2ηη
2 +
1
2
∂µπ
a∂µπa −
1
2
m2piπ
a2
−
1
4
WµνW
µν +
1
2
m2ωωµω
µ −
1
4
RaµνR
aµν +
1
2
m2ρρ
a
µρ
aµ ,
where
Wµν = ∂µων − ∂νωµ , (11)
Raµν = ∂µρ
a
ν − ∂νρ
a
µ .
ψ is the nucleon field and M the nucleon mass. Moreover, a monopole form factor
is taken into account,
Fα(q
2) =
Λ2α −m
2
α
Λ2α + q
2
, (12)
for each meson-nucleon vertex, where α is denoted to the species of meson.
Once the form factor is included into the meson exchange potential, the con-
tact terms in the one-boson-exchange interaction become momentum dependent. In
principle, all the meson exchange interactions in Bonn potential can be expressed
in the form of Yukawa functions in coordinate space even after considering the form
factor effect,
V (m, r) =
e−mr
r
. (13)
When the unitary correlation operator U is applied to the two-body NN interac-
tion, we just take the following transformation in the potential V (r) as,
c†(i, j)V (m, r)c(i, j) = V (m,R+(r)). (14)
On the other hand, the kinetic energy part after the transformation by UCOM
operator is
c†(i, j)T (i, j)− T =
∑
i<j
(~αi − ~αj) ·
~r
r
1√
R′+(r)
1
r
qr
r√
R′+(r)
(15)
+(~αi − ~αj) ·
~r
r
(
1
R′+(r)
−
r
R+(r)
)
qr +
(
r
R+(r)
− 1
)
(~αi − ~αj) · ~q.
Here, qr = ~r · ~q/r is defined as the radial momentum. The Dirac matrix ~αi is an
operator of the Dirac spinor for i-th nucleon and the prime denotes differentiation
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with respect to the relative coordinate r. A trivial wave function of nuclear matter
will be constructed by the Hartree-Fock wave function of free Dirac particle. Then,
the expectation values of effective Hamiltonian, which is obtained by modifying
the realistic NN interaction with UCOM, can be evaluated. With the variational
method, the Dirac equation of single nucleon is generated, which contains the scalar
and vector components of self energy. After a self-consistent calculation, the energy
per nucleon of nuclear matter can be calculated. Therefore, we would like to name
the present framework as RHF model with UCOM (RHFU).70
In this work, the core of neutron star is regarded as the constituents of proton,
neutron, electron, and muon, which should satisfy the charge neutrality and β
equilibrium to generate a stable structure. Their chemical potentials are constrained
by the following qualities,19
µp = µn − µe, (16)
µµ = µe.
The chemical potentials of nucleons and leptons are related to their Fermi surfaces
at zero temperature,
µi =
√
ki2F +M
∗2
N + UV , (17)
µl =
√
kl2F +m
2
l .
where UV is the vector potential of nucleon in Dirac equation. The charge neutrality
requires the proton density is equal to the one of leptons,
ρp = ρe + ρµ. (18)
The pressure and energy density will be obtained as a function of nucleon density
with the constraints in Eqs. (16) and (18). They are put into the TOV equation
proposed by Tolman, Oppenheimer, and Volkoff to bring the properties of neutron
star,
dP (r)
dr
= −
GM(r)ε(r)
c2r2
[
1 + P (r)ε(r)
][
1 + 4pir
3P (r)
M(r)c2
]
1− 2GM(r)c2r
, (19)
dM(r)
dr
= 4πr2ε(r)/c2,
where, c is the light speed. P (r) is the pressure at radius r and M(r) is the total
mass inside a sphere of radius r of neutron star.
The dimensionless tidal deformability of neutron star is defined as,11, 12
Λ =
2
3
k2C
−5, (20)
where C = GM/Rc2 is the compactness parameter. R and M are the neutron star
radius and mass, respectively. The dimensionless quadrupole tidal Love number k2
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is given by
k2 =
8C5
5
(1 − 2C)2[2 + 2C(yR − 1)− yR] (21){
2C[6− 3yR + 3C(5yR − 8)]
+4C3[13− 11yR + C(3yR − 2) + 2C
2(1 + yR)]
+3(1− 2C)2[2− yR + 2C(yR − 1)] ln(1 − 2C)
}−1
.
yR is a quantity which is a function value at R, y(R). It is obtained by solving a
first-order differential equation for y,
r
dy(r)
dr
+ y2(r) + y(r)F (r) + r2Q(r) = 0, (22)
with initial boundary condition y(0) = 2. F (r) and Q(r) are the functions related
to energy density, pressure, and neutron star mass,
F (r) =
{
1− 4πr2G[ε(r)− P (r)]/c4
}(
1−
2M(r)G
rc2
)−1
, (23)
and
Q(r) =
4πG
c4
[
5ε(r) + 9P (r) +
ε(r) + P (r)
∂P (r)/∂ε(r)
](
1−
2M(r)G
rc2
)−1
(24)
−6
(
r2 −
2rM(r)G
c2
)−1
−
4M(r)2G2
r4c4(
1 +
4πr3P (r)
M(r)c2
)2(
1−
2M(r)G
rc2
)−2
.
On the other hand, the sound of speed in dense matter, vs is relevant to the deriva-
tive of pressure, P (r) with respect to energy density, ε(r),
∂P
∂ε
=
(vs
c
)2
. (25)
3. The results and discussions
The correlator in UCOM has the form of double exponential function, which only
affect the NN potentials at short-range distance. There are three parameters, α, β,
and η. They were already determined by reproducing the properties of light nuclei
with few-body method and the EOS of pure neutron matter from RBHF model as
α = 0.8 fm, β = 0.6 fm, and η = 0.37.70, 71 It was found that the calculations of
RHFU model also can generate the similar EOSs of neutron-rich nuclear matter
by RBHF model with same UCOM correlator and same potential in our previous
work. In Fig. 1, the EOSs of pure neutron matter from RHFU model with Bonn
potentials are shown and compared with the latest results from the chiral effective
field theory.73, 74 They are comparable with each other.
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Bonn B
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Drischler
Fig. 1. The EOSs of pure neutron matter within Bonn A, B, C potentials in the framework of
RHFU model. They are compared with the results from chiral effective field theory as shown with
shade regions.73, 74
In symmetric nuclear matter, the saturation binding energy is −14.48 MeV
at density ρ = 0.203 fm−3 from the Bonn A potential in the RHFU framework
and the symmetry energy is 33.73 MeV. The saturation density is a little bit far
from the empirical data, which is mainly dominated by the tensor force. However
in present framework, the tensor correlation is not considered.67 In Fig. 2, the
symmetry energies in RHFU model are presented as functions of density. Several
previous works on the constraints of symmetry energy are also shown.75–77 It can be
found that they are comparable at low density (below 0.06 fm−3) and higher density
(above 0.20 fm−3). The symmetry energy generated by the isospin symmetry plays a
very important role for the neutron-rich system. The symmetry energy at empirical
saturation density, ρ0 = 0.16 fm
−3 is just 26.85 MeV for Bonn A potential, while
its most probable value is Esym = 31.7 ± 3.2 MeV.
18 The several MeV difference
is generated by the lack of tensor force. With density increasing, the short range
correlation becomes more important. At 2ρ0, the symmetry energy in our framework
is 54.00 MeV. It is consistent with the recent ASY-EOS78 and RBHF theory.65 The
symmetry energies derived from Bonn B and Bonn C potentials are less than those
from Bonn A potential, since their binding energies of symmetric nuclear matter
are larger. Furthermore, the slope of symmetry energy at saturation density, L is a
very important quantity to determine the density dependence of symmetry energy.
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They are 96.48 MeV, 76.86 MeV, 47.19MeV, from Bonn A, B, and C potentials
in our model, respectively. The symmetry energies and their slopes, (Esym(ρ0), L)
from Bonn A and Bonn B are (33.73, 96.48) and (27.00, 76.86), respectively, which
satisfy the constraint regions of symmetry energy parameters in the Fig. 2 of Ref.79
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35
ρ [fm−3]
0
10
20
30
40
50
60
E
sy
m
 [
M
eV
] 
Bonn A
Bonn B
Bonn C
Lim
IAS
Li
Fig. 2. The symmetry energies as functions of density within Bonn A, B, C potentials in the
framework of RHFU model and compared with several previous works about the constraints of
symmetry energy as shown with different shade regions.75–77
Then, the EOSs of neutron star matter, i.e., ε − P relation, are evaluated by
using the RHFU model with Bonn potentials as shown in Fig. 3. In the very low
density region of EOS, corresponding the crust of neutron star, there are nonuni-
form structures such as pasta phases. These inhomogeneous nuclear matter can be
described by the Thomas-Fermi approximation. In this work, the EOS from TM1
interaction is used, i. e. Shen EOS,80 which will be matched with the EOSs from
RHFU model at crust-core transition density. The EOSs from Bonn A, B, C poten-
tials at high density are very similar. It is because that the short range correlation
plays the dominant role when the distances of nucleons decrease gradually. The
differences among three Bonn potentials appear from crust-core transition densi-
ties, which are about one half of saturation density, ρ0/2. In this region, the role
of tensor force become important.67 The three Bonn potentials contained different
tensor components,55 which generate distinguished EOSs.
The fractions of neutron, proton, electron and muon in neutron star matter from
three Bonn potentials are shown in Fig. 4. These fractions are very similar and
become saturated at high density region. Generally speaking, the proton fractions
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10-1 100 101 102 103
ε [MeV/fm3]
10-4
10-3
10-2
10-1
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103
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M
eV
/f
m
3
] 
Bonn A
Bonn B
Bonn C
Fig. 3. The equations of state of neutron star matter within Bonn A, B, C potentials in the
framework of RHFU model.
from Bonn A potential are the largest one among three Bonn potentials due to
its strongest symmetry energy which also leads to first appearance of the muon in
Bonn A potential. The onset density is 0.165 fm3.
0.0 0.3 0.6 0.9 1.2
ρ [fm−3]
10-3
10-2
10-1
100
Y
i 
Bonn A
0.0 0.3 0.6 0.9 1.2
ρ [fm−3]
Bonn B
neutron
proton
electron
muon
0.0 0.3 0.6 0.9 1.2
ρ [fm−3]
Bonn C
Fig. 4. The fractions of neutron, proton, electron and muon within Bonn A, B, C potentials in
the framework of RHFU model.
In the neutron star cooling, the direct Urca process plays a very important role,
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as β decay of neutron and electron capture of proton. The threshold of direct Urca
process is dominated by the proton fraction, Yp in neutron star. If there are only
proton, neutron, and electron in neutron star, the direct Urca process will happen
at Yp > 1/9.
81 Therefore, the proton fractions from RHFU model with three Bonn
potentials are plotted in Fig. 5. It can be found that the proton fraction increases
slowly with density. The direct Urca process will firstly happen in Bonn A potential,
where the threshold density is about 0.6 fm−3. This threshold density is postponed
in Bonn B and Bonn C potentials. Actually, the proton fraction, Yp is related with
the symmetry energy, which can be approximated as the cube of symmetry energy
in neutron star.82
0.0 0.3 0.6 0.9 1.2
ρ [fm−3]
0.00
0.03
0.06
0.09
0.12
0.15
Y
p
 
Bonn A
Bonn B
Bonn C
Fig. 5. The fraction of proton within Bonn A, B, C potentials in the framework of RHFU model.
Once the EOSs are obtained, the global properties of neutron star can be calcu-
lated by solving TOV equation. The mass-radii relation and mass-density relations
are shown in Figs. 6 and 7. The maximum masses of neutron star from Bonn po-
tentials are all around 2.2M⊙ and the corresponding radius are 11.18− 11.48 km,
which are consistent with results from RBHF model and relativistic central vari-
ational method with same potentials.56, 69 It is naturally to understand that the
maximum masses of neutron star are same, since three Bonn potentials generate
the analogous EOSs at high density. However, the differences of EOS in the inter-
mediate density will influence the mass-radii relation of lower neutron star mass,
that are measured in the observations of pulsar star at most. The radius at 1.4M⊙,
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R1.4 , from Bonn A, B, C potentials are 12.40, 12.62 and 12.90 km, respectively.
These radius are consistent with the latest constraints from GW170817, where R1.4
should be less than 13.8 km.12, 15, 64 The mass-density relations among three Bonn
potentials are very similar. The slight differences arise at low density region due
to the EOSs. The central densities of the maximum mass are around 0.95 fm−3,
that are higher than those in RMF model, like TM1 parameter set. These densities
reduce to 0.40 fm−3 for 1.4M⊙ neutron star.
10 11 12 13 14 15
R [km]
0.0
0.5
1.0
1.5
2.0
2.5
M
/M
⊙
 
Bonn A
Bonn B
Bonn C
Fig. 6. The mass-radii relations of neutron star withing Bonn A, B, C potentials.
When there is a collision between two neutron stars, the tidal deformability of a
star in an external gravitational field from another star can be extracted from the
gravitational wave of two neutron star merger. Therefore, the tidal deformability of
neutron star is growing into another new constraint to the EOS, besides its mass
and radii. As shown in Eq.(20), the dimensionless tidal deformability is related to
the compactness parameter and the dimensionless second Love number, which is
obtained by solving a differential equation related to the pressure, energy density,
mass, and the speed of sound. The second Love number as a function of compactness
from Bonn A, B, C potentials are plotted in Fig. 8. The second Love number
firstly increases with compactness parameter rapidly, reaches the maximum around
C = 0.09 and then decreases slowly. The maximum values of second Love number
from Bonn A, B, C potentials are 0.142, 0.131, and 0.123, respectively, which are
consistent on the other methods, like RMF an SHF frameworks.83
After the second Love number, k2 calculated, the dimensionless tidal deforma-
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ρ [fm−3]
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M
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⊙
 
Bonn A
Bonn B
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Fig. 7. The mass-density relations of neutron star withing Bonn A, B, C potentials.
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35
C 
0.00
0.04
0.08
0.12
0.16
k
2
Bonn A
Bonn B
Bonn C
Fig. 8. The second Love number as a function of compactness from Bonn A, B, C potentials.
bility, Λ can be immediately obtained, which are shown in Fig. 9 as a function
of neutron star mass within the RHFU model. It rapidly reduces with neutron
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star mass increasing and approaches to zero at the maximum neutron star mass.
When compactness parameter, C is small, the value of k2 is also very small. Due
to Λ ∝ C−5, therefore at small neutron mass, the Λ is very large. Inversely, at
large neutron mass region, the C is a finite number, while k2 becomes very small
again, which generates a very small Λ. Furthermore, the Λ from Bonn C potential
is largest. It is because that the radii of neutron star from Bonn C is the largest
one at a fixing neutron star mass. In this case, Λ ∝ R5. The masses of neutron star
in GW170817 event were regarded to around 1.4M⊙. Therefore, the dimensionless
tidal deformability at 1.4M⊙, Λ1.4, is a more useful quantity to constrain the EOS.
There were already many works to analyze the data from GW170817 to extract
the value of Λ1.4. For example, it was estimated as Λ1.4 = 190
+390
−120 in the latest
analysis from LIGO and Virgo Collaborations.8 De et al. also gave the binary tidal
deformability, Λ˜ = 245+453−151 of GW170817, with a Bayesian estimation, where the
component mass prior was generated by the radio observations of double neutron
stars.84 In this work, the Λ1.4 from Bonn A, B, C potentials are 292, 318, and 354,
respectively. These values are completely consistent with the present constraint
about Λ1.4.
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Fig. 9. The tidal deformability as a function of neutron star mass from Bonn A, B, C potentials.
In GW170817 event, the chirp mass M = (m1m2)
3/5(m1 +m2)
−1/5 was mea-
sured, where m1 and m2 are the masses of two merger neutron stars. However, the
accurate values of these two neutron stars cannot be obtained from the gravitation-
wave signal. There is only possible distribution. Therefore, it is assumed that the
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heavier neutron star is in the range from 1.365M⊙ to 1.600M⊙. The mass of lighter
one is from 1.170M⊙ to 1.365M⊙ with the constraint of chirp mass. The relations
between their tidal deformabilities, Λ1(m1) and Λ2(m2) is given in Fig. 10 from
Bonn A, B, C potentials. The 90% and 50% credible region for the tidal deforma-
bilities of two neutron stars from the analysis of GW170817 for the low-spin prior
are presented as light cyan area and dark cyan area, respectively.8 It can be found
that the tidal deformabilities of the binary stars from RHFU model are located in
the constraint region from GW170817.
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Fig. 10. The tidal deformabilities of the binaries in GW170817 event from Bonn A, B, C poten-
tials, where the light and deep shadow regions ar the 90% and 50% credible intervals from the
GW170817, respectively.
4. Conclusions
The properties of neutron star were investigated by the relativistic Hartree-Fock
model with unitary correlation operator method (RHFU). The realistic NN inter-
action, Bonn potentials were used. Their strong repulsions at short range distance
were taken into account by unitary correlation operator method (UCOM), while
the tensor correlation was neglected due the neutron-rich environment at neutron
star. Therefore, the neutron star matter can be reasonably described by the RHFU
model.
The equations of state (EOSs) of neutron star matter were obtained in the con-
ditions of β equilibrium and charge neutrality with Bonn A, B, C potentials. Their
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differences are mainly located at intermediate density region, where the tensor force
plays a very important role, while the tensor components of three Bonn potentials
are distinguished. With density increasing, the EOSs are almost identical. At the
dense matter, the short range correlation of NN potential was more essential. The
proton fraction is related with the direct Urca process in the neutron star cooling.
The threshold of direct Urca process happened earliest in Bonn A potential, which
had the largest symmetry energy.
The maximum masses of neutron star from all three Bonn potentials were
around 2.2M⊙. The corresponding radius were 11.18− 11.48 km, which are consis-
tent with the calculations in RBHF mode and relativistic central variational method
by using the same potentials, while the radius at 1.4M⊙ were 12.40 − 12.90 km.
These values satisfied the constraint from GW170817. The dimensionless tidal de-
formability, Λ of neutron star was also studied as a function of neutron star mass in
RHFU model. They were 292, 318 and 354 at 1.4M⊙ for Bonn A, B, C potentials,
respectively. A lot of analysis works for GW170817 event indicated that Λ1.4 should
be less than 800. The tidal deformabilities of binaries in GW170817 from RHFU
model were also located in the 90% credible interval extracted directly by LIGO
and Virgo Collaborations.
The calculations of RHFU model for neutron star are consistent with the results
from RBHF model, which demonstrate that the RHFU model is a very powerful
tool to study the neutron-rich system in a very simple framework. It is necessary
to include the tensor correlation in RHFU model, so that it can be applied to more
aspects in nuclear physics within the realistic NN potential.
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